
13th ETH nanoparticles Zurich, 22-24 June 2009

Ruud P. Verbeek, Ingeborg M. Kooter
 

M.M.G. 
Houtzager, M.A.T.M. van Vugt,  C.A.M. Krul, 
G. Kadijk

Health Effects of Biofuels and 
Diesel Particulate Filter with a 
Euro III truck engine

13th ETH conference on combustion generated nanoparticles
Zurich, 22-24 June 2009, Session 5B



13th ETH nanoparticles Zurich, 22-24 June 20092

Content

•
 

Objective

•
 

Test program

•
 

Results
•

 
Regulated and non-regulated emissions 

•
 

Particulate mass and numbers
•

 
Toxicology 

•
 

Conclusions

Vorführender
Präsentationsnotizen
Fuel emissions as an important source of ultrafine particles
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Objective

Characterisation of exhaust emissions with biodiesel and 
Diesel Particulate Filter on a HD Euro III engine:

•
 

Transient tests
•

 
Regulated and non-regulated emissions 
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Particulate mass and numbers
•

 
Toxicology
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Test set-up

Engine:
•

 
DAF XE355 HD diesel engine

•
 

355 kW
•

 
Euro III emissions level

 NOx
 

< 5, PM < 0.10 g/kWh

Test cell:
•

 
Transient engine dyno

•
 

CVS with full flow dilution tunnel
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Test set-up

Fuels:

Test cycle:
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Vorführender
Präsentationsnotizen
Commercial available and representative biofuel and PPO is tested





13th ETH nanoparticles Zurich, 22-24 June 20097

Test set up  -
 

sample collection

Engine
exhaust
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Results
 

-
 

NOx

• B100 and PPO: 30% increase
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Results
 

-
 

Particles

•
 

Particulate mass reduction due to reduction Elementary Carbon
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Results
 

-
 

Particle
 

numbers

•
 

B100 and PPO:  reduction
 

of 80%           compared
 

to baseline B0
•

 
DPF: reduction

 
>99%
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Results –
 

aldehydes

•
 

Up to about 25% reduction with B100

Emissions total aldehydes
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Results  -
 

PAH, oxy-PAH, nitro-PAH

DPF or B100, PPO compared to B0 (no DPF): 
• PAH, oxy-PAH decrease proportional with PM mass
• nitro-PAH:  smaller reduction

Emissions total PAH-derivates
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Results  -
 

Toxicology

From PM filter extract:

•
 

Cytotoxicity
•

 
LDH

•
 

Oxidative stress
•

 
Oxidative potential

•
 

HO-1 expression

Preliminary results with exposure chamber  (not included)

•
 

Mutagenicity/genotoxicity
•

 
Ames; TA98, YG1024

•
 

Comet
•

 
Micronucleus
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Cytotoxicity
 

-
 

LDH

•
 

Only
 

B100 gives
 

a significance
 

increase
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•
 

Raw 264.7 mice 
macrophage cells

• Max conc.: 1%
• 24 hours exposure
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Micronucleus test

•
 

Proliferation as a measure for cytotoxicity
•

 
B100: increase in cytotoxicity, only -S9

•
 

Raw 264.7 mice 
macrophage cells

• 4 hours exposure

Vorführender
Präsentationsnotizen
Micronucleus meest gevoelige test

-Raw264.7 muis macrofaag cellen

-alleen hoogste concentratie getest

-4h blootstelling, met en zonder S9

40 microliter, eindconcentratie 1%

-1000 binucleates geteld per kweek



Eerste helft:

Proliferatie als maat voor cytotoxiciteit



A micronucleus test is a test used in toxicological screening for potential genotoxic compounds. There are two major versions of this test, one in vivo and the other In vitro. The in vivo test normally uses mouse bone marrow or mouse peripheral blood. Micronuclei were first used to quantify chromosomal damage by H.J. Evans et al., in roottips of the Broad Bean, Vicia faba. Subsequently the in vivo assay was developed independently by W. Schmid and by J.A. Heddle and their colleagues. The assay is now recognized as one of the most successful and reliable assays for genotoxic carcinogens, i.e., carcinogens that act by causing genetic damage. The mouse peripheral blood assay was developed by J.T. MacGregor and has now been adapted for measurement by flow cytometry by A. Tometsko and colleagues. The first use of micronuclei in cultured cells was by J.A. Heddle and colleagues in human lymphocytes. The assay has been improved by M. Fenech and colleagues for use in lymphocytes and other cells in culture cells.

A micronucleus is the erratic (third) nucleus that is formed during the anaphase of mitosis or meiosis.

Using fluorescent in situ hybridization (FISH) with probes targeted to the centromere region, it can be determined if a whole chromosome, or only a fragment is lost.
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Oxidative
 

stress
Oxidative

 
potential

 
Hemeoxygenase

 
(HO-1) 

DTT assay
 

expression

B100, PPO, DPF compared
 

to B0: 
•

 
> 95% decrease

 
with

 
DTT assay
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low conc. high conc.

•
 

Dose response for HO-1
•

 
No difference in response for 
different fuels and DPF

Vorführender
Präsentationsnotizen
HO-1 and Comet:  Raw264.7 cells



DTT:  Compared to standard diesel a decrease over 95% is observed

B100 91%

PPO 98%

B0+CSF 96%

opanes and steranes are also increased for B5

HO-1:

Positieve controle MMS	899,5	198,69

Lastig om er een patroon in te vinden

=> herhaling nodig bij hogere dosis aan materiaal
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Mutagenicity/genotoxicity
 
Ames –

 
TA98, YG1024

• Significant effect for YG1024 with B100 and PPO
• Micronucleus test and Comet assay are negative

TA98, -S9

YG1024, -S9

Vorführender
Präsentationsnotizen
Biologie:

Elke brandstof is van 1 monster gemeten:

Vervolgens in 3 verdunningen, in drievoud/triplo ieder

Inclusief, transport blanco (=ethanol) wordt gebruikt voor FI

Ritten blanco (3 stuks)

Lab blanco (leeg filter)



monster		massa	volume	

Bl			0,0912	4,02	

B0			3,3318	3,76	

B5			3,0838	3,90	

B10			3,0083	3,84	

B20			2,4989	3,88	

B100			1,6334	8,05	

PPO			2,8388	7,30	

B0 + RF		0,3427	8,11	



Twee stammen: TA98 en YG1024 (gevoeliger voor nitro arenen)

-50 ul van extracten gebruikt per plaat

-100%, 33% en 10% gebruikt

-Met en zonder S-9

-Triplo platen



YG1024

Salmonella typhimurium YG1024 is a derivative of S. typhimurium TA98 with a high level of N-hydroxyarylamine O-acetyltransferase (OAT) activity. We have demonstrated that this strain is highly sensitive to the mutagenic actions of N-hydroxyarylamines derived from aromatic amines and nitroarenes. 



Belangrijk:

- Omstandigheden waarbij diesel nog geen uitslag geeft, terwijl bekend is dat ‘diesel is potentieel mutageen’

- Bunger:

laat geen concentratie reeksen zien

Geen controles meegenomen





In vitro tox ten opzichte van in vivo tox en positie tov RIVM ligt aanstippen



Literatuur achtergrond info over deze metingen benoemen



Ik denk dat we toch gerichter moeten zoeken wat het effect in ames test veroorzaakt, omdat in andere gentox testen geen effecten worden gemeten. We zien effecten in YG1024 stam, deze stam is geloof ik wel speciaal gevoelig voor nitroso verbindingen. Evt zouden we nog MLA kunnen doen? Is in mammalian cells en ook genmutaties. 



Pak moeten eerst gemetaboliseerd worden voordat mutageen zijn
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Summary

B100 PPO B0+C-DPF

PM number ↓
 

80% ↓
 

80% ↓
 

>99%

PM mass ↓
 

80% ↓
 

60% ↓
 

>99%

NOx ↑
 

30% ↑
 

30% ~

PAH, oxy-PAH ↓
 

70% ↓
 

70% ↓
 

90%

nitro-PAH ↓
 

50% ↓
 

50% ↓
 

50%

Cytotoxicity (LDH, prolif.) ↑
 

200% ~ ~

Oxidative potential (DTT)
HO-1 Hemeoxygenase

↓
 

95%
~

↓
 

95%
~

↓
 

95%
~

Mutagenicity: Ames – 
YG1024

↑
 

60% ↑
 

60% ~

Effects per m3 exhaust or kWh compared to B0 
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Conclusions
 

(1)

B100 and PPO Wall-flow DPF

•PM mass and number, 
PAH and oxy-PAH
•nitro-PAH
•NOx

•60% -
 

80% lower

•~50% lower
• 30% higher

•>90% lower 

•~50% lower
•equal (higher NO2

 

)

PM fraction
•Ames toxicity (mutagenicity)
•oxidative stress
•cytotoxicity

•increased
 

or equal
•equal or lower 
•increased

 
(B100)

•equal
•equal or lower

With Euro III heavy-duty engine:
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Conclusions
 

(2)

⇒Evaluated biofuels
 

show toxic effects in vitro
 Further investigation recommended on chemical compounds that  

cause toxic effects

⇒PM mass might not adequately reflect health effects of engine 
particulates

⇒Recommendation to carry out more biological tests on engine 
exhaust (both gas and particulate phase)
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Thank you for your attention

Contact:
Ruud

 
Verbeek

TNO Science & Industry
Environmental Studies & Testing
Ruud.Verbeek@tno.nl
Phone: +31 15 269 6369

mailto:Ruud.Verbeek@tno.nl
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